associated with separation of the conjoined tendon and inguinal ligament. This may be one of the underlying causes of inguinal hernia, and thus groin pain in soccer players, 9 and is amenable to surgical treatment by using a 6-layer suture repair. 9 Dynamic ultrasound can detect inguinal wall deficiency when clinical examinations are negative despite persistent groin pain. 17 A tear of the external oblique muscle aponeurosis superior to the deep inguinal ring without obvious inguinal hernia is sufficient to cause groin pain and is amenable to repair at this level. 20 Weakness of the lower abdominal wall is another potential source of groin pain in athletes. 1, 3, 5, 7, 8, 10, 12, 13, 18 Surgical repair, either laparoscopic 18 or open, 12 is the standard treatment. Dynamic ultrasound with Valsalva maneuver was explored to obtain a clinical imaging diagnosis of inguinal hernia. We hypothesized that inguinal canal weakness is the causative factor of groin pain in these athletes.
Methods
After institutional review board approval, a retrospective review of electronic patient records was performed identifying all patients examined for inguinal hernia using ultrasound from 2004 to 2008. Forty-seven patients selected on the basis of active participation in professional or amateur sports with pain in the groin directly attributed to athletic activity formed the study group.
All patients were examined using supine ultrasound. Two dedicated musculoskeletal sonographers performed all studies, which were immediately reviewed by the musculoskeletal radiologist and rescanned as necessary. The GE Logic 9 machine (GE Healthcare) and linear 9-to 12-MHz transducer was used in 40 (85%) patients, while a Philips HDI 5000 machine (Philips Healthcare) and linear 9-to 12-MHz transducer was used in the other 7 (15%) patients.
The transducer was placed transversely over the origin of the inferior epigastric artery. A Valsalva maneuver was taught with the patient pressing air against the back of his or her hand. The adequacy of the Valsalva maneuver was judged by the degree of visual distention of the femoral and iliac veins. With repetitive Valsalva, the movement of tissues medially or laterally relative to the inferior epigastric vessels was noted to diagnose direct or indirect inguinal hernia.
The transducer was then moved incrementally medial to the inferior epigastric artery following the pampiniform veins along the spermatic cord (Figure 1 ). Once the spermatic cord or the round ligament was visualized, movement of the tissues was observed relative to the cord or ligament while repeating the Valsalva maneuver. The cord or ligament was followed down to the level of the medial attachment of the inguinal ligament. It was often necessary to repeat the Valsalva effort 3 to 10 times to observe satisfactory tissue movement over the lower portion of Hesselbach triangle.
From the medial aspect of the inguinal ligament, the transducer was moved over the superior pubic ramus to where it showed the narrowest cross-section of the pectineus muscle ( Figure 1 ). This muscle medial to the femoral vein bounds the femoral canal. Valsalva maneuver was repeated in search of movement ventral to the pectineus muscle, where femoral hernia can be identified. The last Valsalva maneuver was performed with the transducer placed transversely over the obturator canal and external obturator muscle to assess for obturator hernia.
To exclude possible hip and pubic symphysis abnormalities, each study also included assessment of the external hip capsule with longitudinal images through the iliofemoral ligament from its origin deep to the origin of the rectus femoris to its insertion on the femur. The pubic symphysis was assessed for symmetry of the pubic bones and cortical smoothness. The adductor longus origin was assessed, and the long axis of the muscle was compared with the opposite side for possible tear. The criterion used to diagnose inguinal hernias by ultrasound was movement of bowel, bladder, or omental lipomatous tissue in any combination anterior to the inferior epigastric vessels with or without Valsalva maneuver. A direct inguinal hernia was defined as tissue movement medial to the inferior epigastric vessels. An indirect inguinal hernia was defined as tissue movement lateral to the inferior epigastric vessels extending medially over the vessels. A femoral hernia was defined as tissue movement medial to the femoral vessels and deep to the inguinal ligament. An obturator hernia was defined as tissue movement through the obturator foramen. The overall finding of transient direct inguinal hernia of the right groin (Figure 2) , progressive left direct inguinal hernia (Figure 3) , and detailed panoramic view of the left groin structures (Figure 4 ) are shown.
Medical records pertinent to the episodes of groin pain were reviewed and correlated with surgical findings and outcomes.
Only patients with a history suggestive of activity-related hernia and with negative or equivocal clinical examination findings are routinely referred for ultrasound examination. All operations were performed by 1 of 4 general surgeons. Procedures were performed using local anesthesia and conscious sedation so that Valsalva maneuvers could be performed on request. Each surgical patient was scheduled to see the surgeon for a minimum of 2 postoperative visits, between 1-and 6-month total duration.
All ultrasound studies were read initially by 1 of 3 experienced musculoskeletal radiologists. All ultrasound examinations were blinded to the previous results, surgical findings, and clinical outcomes. One discrepancy was noted, where a direct inguinal hernia was initially diagnosed as negative but was reversed during review.
The results were compared with an asymptomatic control group of 41 healthy male patients prospectively recruited from the radiology and orthopaedic residency programs (mean age, 28.0 years; range, 22-35 years; median age, 27.9 years). These participants regularly engaged in athletic activities and were all scanned and reviewed by senior staff.
A standard chi-square test for proportions was used to test the difference in direct hernia prevalence between the symptomatic and asymptomatic groups. The Fisher exact test was used to compare indirect and femoral hernias in the presence of sparse data. SAS version 9.2 software was utilized to perform statistical analyses (SAS Institute).
Results
The length of clinical follow-up ranged from 0 days to more than 10 years, with a mean follow-up of 22 months (Table 1) . Three patients returned to college shortly after surgery and were not examined physically in the office during follow-up; they were contacted via telephone 2 months after surgery and reported satisfactory results.
Forty-two of 47 patients with pain demonstrated inguinal hernia on ultrasound: 41 patients had direct inguinal hernias and 1 patient had an indirect inguinal hernia. Of 41 patients with direct hernias, 27 hernias were unilateral and 14 hernias were bilateral. Of 14 patients with bilateral inguinal hernias, 11 had symptoms bilaterally. Three patients were symptomatic unilaterally with asymptomatic smaller contralateral hernias on ultrasound. No femoral or obturator hernias were found. No pubic symphysis or hip joint abnormalities were noted on ultrasound imaging.
Thirty-nine patients with positive ultrasound findings demonstrated either complete pain resolution or significant improvement with surgery and were classified as true positives. One patient in this group had an indirect inguinal hernia found on ultrasound and confirmed at surgery. The true positive group also included 24 patients with unilateral direct inguinal hernias and 14 patients with bilateral direct inguinal hernias. All 11 patients with symptomatic bilateral inguinal hernias were operated on on both sides. The 3 patients with bilateral hernias but only unilateral symptoms were operated on only on the symptomatic side with the larger herniation.
Unilateral direct inguinal hernias were observed in 2 patients who failed to improve after surgical repair. These patients were later diagnosed with adductor longus tear and adductor longus tendinosis. A single patient with ultrasound findings of unilateral direct inguinal hernia had pain resolution with physical therapy alone. These 3 patients were classified as false positives.
Surgical exploration in the direct hernia group corroborated ultrasound findings in describing a hernial sac, weakness in the transversalis fascia wall, or defect in the external oblique aponeurosis during the intraoperative Valsalva maneuver. Although surgical findings may have overlapped in patients who underwent repair, the primary physical finding was recorded and utilized. Findings were not recorded in 1 patient ( Table 2) . None of these findings had been noted during clinical testing preoperatively.
Five patients had negative ultrasound examinations and had alternative diagnoses assigned. Of this group, 3 patients had labral tears shown by magnetic resonance imaging (MRI); all 3 had pain relief with image-guided injection of 1% lidocaine in the hip joint. One patient underwent open surgery for removal of a cam deformity of the femoral head, and 1 patient was given a diagnosis of osteitis pubis based on a nuclear scan; his symptoms improved with a corticosteroid injection in the symphysis pubis. One patient was taken to surgery for hernia repair despite a negative ultrasound. A spermatic cord lipoma was identified intraoperatively but no hernia. This patient was later found to have a labral tear by MRI. These 5 patients were classified as true negatives. No false negative patients were identified.
The prevalence of a direct inguinal hernia in this cohort of symptomatic athletic individuals was 87% (41/47), and the patients were successfully treated with surgical repair. The 41-patient, healthy control group revealed 3 direct inguinal, 2 indirect inguinal, and 3 femoral asymptomatic hernias, with 12% (5/41) prevalence of inguinal hernias and 20% (8/41) prevalence of all groin hernias ( Table 3) .
The sensitivity of dynamic ultrasound in the symptomatic group, as judged by combined surgical and clinical follow-up, was 100% (positive predictive value, 93%; negative predictive value, 100%). Success was measured by 95% (39/41) of patients with sonographically proven inguinal hernia who became asymptomatic or who had significantly improved after hernia repair surgery.
discussion
Groin pain can be a source of decreased performance and cessation of athletic activities for recreational and high-level athletes. Multiple pathologies may be root causes of athletic pubalgia, including adductor and rectus abdominis injuries. Intrinsic hip injury and osteitis pubis can also lead to groin pain in the athlete, further complicating the diagnosis. One component of groin pain in athletes is inguinal hernia. 13, 17 Disproportionate pull of the adductor and abdominal rectus muscles as the proposed mechanism for creation of inguinal hernias in athletes is accepted by some. 11, 19 In addition to a shear injury, the stress may also lead to stretching, thinning, and tearing of the pelvic floor.
14 Injured transverse abdominal muscle and fascia of the pelvic floor, which normally work as a "shutter mechanism" during rectus contraction, are no longer able to provide reinforcement to the posterior wall of the inguinal canal. 16 Complaints are typically nonspecific and isolated to periods of intense activity, and diagnosis can be difficult and take time. Direct inguinal hernias resulting in weakening of the posterior wall of the inguinal canal are difficult to diagnose by physical examination alone. 15 Imaging studies are called upon to assist with diagnosis for these patients. Intrinsic hip pathology, osteitis pubis, stress fractures, and avulsion injuries all commonly produce sports-related groin pain.
14 Many of these may be visualized using MRI or computed tomography. Pubic symphysis instability and muscular insertional injury are well described and have been proposed as a primary cause of athletic groin pain. 21 While definitely a valid explanation, this can be related to abdominal aponeurosis tear and resultant inguinal hernia. Dynamic ultrasound with provocative Valsalva maneuver may enable a quick and accurate diagnosis. 4 Static imaging without Valsalva maneuver would miss the majority of hernias, tissue disruption, or laxity as presented on MRI ( Figure 5 ) and ultrasound images ( Figure 6) . A larger study of athletes with groin pain and a clinical diagnosis of athletic pubalgia and "sports hernia" demonstrated only 2 of 102 patients with hernia on MRI. 21 In that study, no Valsalva maneuver was utilized during MRI or surgery, precluding a direct comparison with our data. The patient population imaged was also different, as may be the definition of inguinal hernia, leading to further discrepancies in the results obtained.
Surgical findings in patients with sports-induced hernias may include thinning and weakening of the transversalis fascia with possible separation of the inguinal ligament from the conjoined tendon. 10 The surgeons in this study did not report attenuated tissues with lost elasticity, commonly seen in older individuals who typically have direct inguinal hernias. 6 No patients required reoperation or had any postsurgical complications. 2 The ability to surgically mobilize and approximate the torn aponeurosis without tension further suggests the presence of healthy and robust elastic tissues.
A high prevalence of direct inguinal hernia in symptomatic athletes was demonstrated compared with a significantly lower prevalence of inguinal hernia in the asymptomatic control group. This supports direct inguinal hernia as an important component of hernia in athletes with groin pain. Consistent pain resolution, alleviation of sports-related symptoms, and return to play after hernia repair further supports the concept that weakening of the posterior wall of the inguinal canal contributes to groin pain and that surgical repair is effective in treating this pathology. Because none of the inguinal hernias were palpable by clinical examination and the defect/laxity of the aponeurosis could only be reliably seen with an intraoperative Valsalva maneuver, dynamic ultrasound imaging forms an important part of the diagnostic approach for athletes with groin pain and is accurate for inguinal hernia evaluation. These examinations are particularly helpful with the typically prolonged and delayed diagnostic process for these patients. Surgical repair provides consistent pain relief and successful return to play in athletes diagnosed with inguinal hernias. The finding of direct inguinal hernias in 3 asymptomatic athletic individuals in the control group and 3 patients from the study group calls for clinical correlation before considering surgical intervention, as there may be other pathological entities with similar clinical presentation. It also may be that the incidental hernia in the groin may be an early stage of inguinal hernia in the athlete, possibly becoming symptomatic if and when the hernia reaches a size allowing protrusion of the omentum and/or nerve stretching. Prospective follow-up of those individuals may further our understanding of the natural history of the condition. Several patients evaluated for hernia because of athletic groin pain were later diagnosed with adductor longus injuries or hip labrum tears. This underscores the significant overlap in the clinical presentations of patients with pain from different causes.
The strength of our study lies in demonstrating the utility of dynamic ultrasound examination of the groin with Valsalva maneuver. Correlation with surgical observations was made possible because of the use of local anesthesia with conscious sedation. The limitations of our study relate to its retrospective design, the relatively small sample size, the inherent bias introduced by the sonographer who knew the patient's symptoms and by the operating surgeon who was aware of the results of the ultrasound prior to the surgical procedure, as well as selective referral of patients for ultrasound examination based on their clinical presentation. Also, some patients had a relatively short formal documented clinical follow-up.
conclusion
Athletic patients with complaints of persistent activity-related groin pain had a higher prevalence of inguinal hernia than an asymptomatic control population. Dynamic ultrasound evaluation can be a useful tool in the diagnosis of this complex clinical entity. Surgical repair of inguinal hernia was successful in returning athletes to their chosen activities. 
